The fourth Millennium Development Goal (MDG) ([@CIT0001]) aims to reduce child mortality according to the target: 'Reduce by two-thirds, between 1990 and 2015, the under-5 mortality rate' (U5MR). The 2009 MDG report ([@CIT0002]) stated 'Although data on this target are problematic and at times contentious, significant progress in individual African countries has been registered, although the rate of progress at the continental level is poor. The U5MR in Africa dropped from 166 per 1,000 live births in 2005 to 160 per 1,000 live births in 2006' and later 'It is clear that the continent as a whole is unlikely to meet this U5MR target, if current trends continue. This calls for renewed and intensified efforts by African governments and their development partners to scale up interventions to reduce the U5MR. Access to and utilisation of basic health services need to be increased and made more equitable. To reduce the wide gap between rural and urban areas, more resources should be allocated to public health interventions, including environmental health, in rural areas.'

One figure in the report cited above shows large variations between African countries in terms of their success in achieving this goal. About one-third of all countries show a decline of 30% or more in U5MR. On the other hand, there are countries that sadly show a considerable increase. Two reviews on that topic have been published recently ([@CIT0003], [@CIT0004]). Rajaratnam et al. ([@CIT0003]) found that across 21 regions of the world, rates of neonatal, post-neonatal and childhood mortality are declining. The global decline from 1990 to 2010 is 2.2% per year for childhood mortality. Robust measurement of mortality in children under-5 years of age showed that accelerating declines are occurring in several low-income countries. Bhutta et al. ([@CIT0004]) reviewed the progress between 1990 and 2010 in the coverage of 26 key interventions in 68 countdown priority countries, which account for more than 90% of maternal and child deaths worldwide, and found that 19 of the countries studied were on track to meet MDG 4, in 47 countries acceleration was found in the yearly rate of reduction in U5MR, and in 12 countries progress had decelerated since 2000. These are overall positive findings; however, the time trends in mortality at subnational level have not been addressed in these papers. Within less developed countries there are large variations in mortality, often between the capital city, other urban areas, and the countryside, both for young children and the rest of the population. The member health and demographic surveillance systems (HDSSs) within the INDEPTH Network typically cover relatively small areas, either urban or rural, and it is important to investigate whether within such small areas a heterogeneous pattern of mortality also exists. Why is this important? Firstly, it can show whether suspected disparities really exist. Secondly, spatial analysis helps to identify underlying causes, which is the first step in implementing targeted prevention strategies. The INDEPTH Network and its associated HDSS centres play a unique role in these efforts.

Spatial and spatial--temporal clustering of mortality was investigated at HDSSs in West, East, and South Africa, and in South Asia. [Fig. 1](#F0001){ref-type="fig"} shows the countries that either contributed analyses to this Global Health Action Supplement or that previously published similar analyses. All these countries have their own specific characteristics, and differ substantially from each other. Nevertheless, the analyses presented here show that they have one thing in common: in each of the HDSSs considered, we found evidence of mortality being clustered.

![Countries with investigations on mortality clustering at INDEPTH HDSS centres.](GHA-3-5476-g001){#F0001}

In this volume, clustering analyses of mortality for nine HDSS members within the INDEPTH Network are presented. [Table 1](#T0001){ref-type="table"} gives an overview of all the HDSSs, with some of their main characteristics, in which mortality clustering has been investigated, either in this supplement or in previous publications. With one exception, all centres included consideration of the 0--5-year age group. Some did additional analyses for other age groups and one centre combined age groups because of its smaller size.

###### 

Basic characteristics of the HDSS centres undertaking mortality clustering analyses

  HDSS centre                Average overall population (approx.)   Period of observation   Age groups (years)                Reference number
  -------------------------- -------------------------------------- ----------------------- --------------------------------- ------------------
  West Africa                                                                                                                 
   Dodowa, Ghana             90,000                                 2005--2006              \<5                               [@CIT0011]
   Kintampo, Ghana           126,000                                2005--2007              \<5                               [@CIT0012]
   Navrongo, Ghana           140,000                                1997--2006              \<5                               [@CIT0013]
   Nouna, Burkina Faso       30,000                                 1993--1998              \<5                               [@CIT0008]
  East Africa                                                                                                                 
   Butajira, Ethiopia        43,000                                 1987--2008              \<5, 5--14, 15--49, 50--64, 65+   [@CIT0014]
   Ifakara, Tanzania         85,000                                 1997--2006              \<5                               [@CIT0015]
   Kisumu, Kenya             135,000                                2002--2005              \<5                               [@CIT0010]
   Rufiji, Tanzania          13,000                                 1999--2008              \<5                               [@CIT0016]
  South Africa                                                                                                                
   Agincourt, South Africa   70,000                                 1992--2007              \<5, 5--14, 15--49, 50--64, 65+   [@CIT0017]
   Dikgale, South Africa     8,000                                  1996--2007              \<15, 15--49, 50 +                [@CIT0018]
  South Asia                                                                                                                  
   Chakaria, Bangladesh      416,000                                2005--2008              \<5                               [@CIT0020]
   Matlab, Bangladesh        224,000                                1998--2007              \<5                               [@CIT0019]

There are different statistical methods available to investigate mortality clustering ([@CIT0005]). The method developed by Kulldorff ([@CIT0006]) proved to be effective for analysing clustering of mortality in settings such as an HDSS. All papers in this volume and the previous studies listed in [Table 1](#T0001){ref-type="table"} have used the same statistical method to identify mortality clusters. SaTScan™ software was then used for analyses ([@CIT0007]). It employs Kulldorff\'s spatial scan statistic to identify and test clusters of mortality. A brief review of the method is appropriate here. A scan statistic or test statistic is the maximum likelihood ratio over all possible circles (*c*) that identify the most likely (unusual) cluster. In mathematical notation,$$S = \text{ma}\text{x}_{c}\left\{ \frac{L\text{(}c\text{)}}{L_{0}} \right\}\text{,}$$where *S* is a scan statistic, *L*(*c*) is the likelihood under the alternative hypothesis that there exists a cluster (circle *c*) at a given location in which there is a higher rate than that expected by chance, and *L* ~0~ is the likelihood under the null hypothesis. The ratio is defined as:$$\frac{L\text{(}c\text{)}}{L_{\text{0}}}=\left\{ \frac{n_{c}}{\text{μ(}c\text{)}} \right\}^{n_{c}}\left\{ \frac{N - n_{c}}{N - \text{μ(}c\text{)}} \right\}^{N - n_{c}}\text{,}$$where *N* is the total number of death cases in the study area, *n* ~*c*~ is the observed number of death cases inside the circle *c* and µ~*c*~ is the number of expected cases in the same circle. Death events are usually assumed to be Poisson distributed. Thus, a Poisson model within SaTScan™ was used during the analysis. Mortality clustering analyses were performed for purely spatial, temporal and spatial--temporal scenarios separately. During purely spatial analysis, SaTScan™ imposes a circular window on a map. This window is centred on each of several possible geographical coordinates throughout the region of study. For each coordinate, the radius of the window is varied from zero to some upper limit. The method creates an infinite number of distinct geographical circles with different sets of neighbouring locations within them. Each circle is a possible potential cluster of mortality. During purely spatial adjustments, a time interval -- often one calendar year -- is chosen. A similar approach is applied during purely temporal and spatial--temporal analysis. With temporal clustering, time is variable and space is held constant while for spatial--temporal clustering, both time and space are variable. Instead of a circular window, space--time scan statistic uses a cylindrical window with a circular geographic base and with height corresponding to time. The base is defined exactly as for the purely spatial scan statistic, while the height reflects the time period of potential mortality clusters. Purely temporal moves windows in one dimension with time defined in the same way as the height of the cylinder used by the space--time scan statistic. For each method of analysis, identified mortality clusters are tested as to whether they are randomly distributed over space, over time or over space and time, and evaluated with statistical significance tests.

A central assumption in the method is the circular shape of the cluster. This has been motivated by a common situation that there is a (unknown) point source of exposure, which has an effect on the mortality. This may also be appropriate in the present situation if, for example, the fertility of the soil as a potential source of morbidity is best or worst at a particular location. A circular shape may be less appropriate if, for example, a river or a coastline is related to factors that are the underlying cause for mortality differences. Therefore, the result of the clustering analysis must be discussed carefully in relation to the local conditions. Taken together, the findings presented may contribute substantially to new recommendations for public health initiatives.

The first publication analysing HDSS data with this method was Sankoh et al. ([@CIT0008]), for the Nouna HDSS in Burkina Faso. They found strong clustering in the north-east region of the HDSS, including one particular village with strikingly high mortality. This finding gave rise to further investigations and searches for causes, and particular efforts have been made to reduce the prevalence of risk factors in this region. Recent analysis has shown ([@CIT0009]) that the overall mortality has decreased in the HDSS, and a stronger decrease was found in the previously high mortality region. The earlier finding, which was unexpected and purely descriptive, gave rise to public health actions such as providing a better drinking water supply. It is a matter of speculation whether these particular efforts led to the stronger overall decrease in mortality; however, it must also be considered as a success in that the overall disparity in mortality has decreased.

Two other HDSS centres also published results on mortality clustering earlier this year. These are the sites in Kisumu, Kenya ([@CIT0010]) and Dodowa, Ghana ([@CIT0011]). In the Kenyan HDSS, living in areas of lower population density and with less direct access to health care was associated with observed clusters of childhood mortality and considered as likely causal factors. In the Ghanaian HDSS, less clustering was found; however, some of the clusters identified were associated with poorer socioeconomic status. The underlying causes for mortality were less clear.

The remaining HDSS analyses investigating clustering of mortality are published in this supplement to *Global Health Action*. These were located in Ghana, Ethiopia, Tanzania, South Africa and Bangladesh. In both Ghanaian HDSSs (Kintampo and Navrongo) clear spatial clustering was observed ([@CIT0012], [@CIT0013]). Although in Kintampo the observation period was too short to consider temporal trends, the 10-year period in the Navrongo HDSS showed persistent clustering of mortality in the north-east region, in parallel with a clear overall decline in mortality.

The analysis from Butajira, Ethiopia, considered all age groups, and all of them showed clustering, but at varying locations and times ([@CIT0014]). As in many other centres, the main town had considerably lower mortality, expressed in this analysis as a cluster with a significantly lower rate. Interestingly, the mortality differences within this HDSS seemed to become smaller over time. The authors also attributed some of the clusters to particular infectious causes.

Similarly, in the Ifakara HDSS, Tanzania, strong clustering of mortality was only found in the early years of observation, with a spatial--temporal analysis identifying a cluster for 1997 and 1998 ([@CIT0015]). Overall mortality declined strongly, with a reduction of about one-third within 10 years. A similar observation was found in the other HDSS in Tanzania, Rufiji ([@CIT0016]). The mortality decline was even stronger here, and again the clusters associated with significantly higher mortality were found in the early years of observation.

Two HDSSs from South Africa conclude the African centres undertaking clustering analyses. A long period of observation was provided by Agincourt HDSS ([@CIT0017]). In contrast to the sites described above, mortality increased here for all age groups (except 65 years and over), and clusters with highly significantly increased mortality were identified for all years. These probably corresponded to areas with high prevalences of HIV and other communicable diseases. The HDSS in Dikgale ([@CIT0018]) in the north of South Africa is relatively small, and a separate analysis for children under five was therefore not possible. In the age group 0--15 years, no clustering was found. As in Agincourt, mortality increased over time.

The series is completed by two HDSSs in Bangladesh. Both HDSSs are very large. In Matlab HDSS ([@CIT0019]), results were very much in line with those from Tanzania. There was a strong decline in mortality, and two highly significant clusters of increased mortality were found for the first 5 years, 1998--2002, in the south-east and in the north of the study area. In the Chakaria HDSS ([@CIT0020]) a significant cluster was found in the south-west, which is a low-lying delta area. Here, the period of observation was only 4 years, thus not allowing a clear temporal analysis.

Overall, the results presented in this supplement show that there are not only wide gaps in mortality between the less developed countries, and between rural and urban areas within a country, but also within rural areas. [Table 2](#T0002){ref-type="table"} summarises these results. The magnitude of the observed effects, expressed as relative risks, were often between 1.5 and 2 and sometimes larger. In absolute numbers, this represents a considerable difference in mortality. It may be argued that particular efforts to reduce mortality in the high-risk areas are not appropriate since they might disadvantage other areas; however, the data presented here support the opposite. At some centres disparities decreased over the years, and those centres were also particularly successful in reducing overall mortality. This shows that both of these effects go hand in hand. In my view, within a less developed country, particular attention should be paid to more remote or disadvantaged areas, and as a result the whole country might be expected to benefit. These investigations on spatial clustering in several HDSSs within the INDEPTH Network represent an important contribution in that respect.

###### 

Summary results for spatial-temporal mortality clustering at HDSS centres

  HDSS centre                Clustering detected   Comments                                                                                                Reference number
  -------------------------- --------------------- ------------------------------------------------------------------------------------------------------- ------------------
  West Africa                                                                                                                                              
   Dodowa, Ghana             Yes                   Clustering analysis performed within area councils, some clustering found                               [@CIT0011]
   Kintampo, Ghana           Yes                   Clustering found in remote areas with high poverty levels                                               [@CIT0012]
   Navrongo, Ghana           Yes                   Strong spatial clustering found consistently over total observation period, overall mortality decline   [@CIT0013]
   Nouna, Burkina Faso       Yes                   Strong spatial clustering over the whole observation period                                             [@CIT0008]
  East Africa                                                                                                                                              
   Butajira, Ethiopia        Yes                   Clustering observed at various times and places, decreasing disparity of mortality                      [@CIT0014]
   Ifakara, Tanzania         Yes                   Clustering observed in early years only, overall mortality decline                                      [@CIT0015]
   Kisumu, Kenya             Yes                   Strong clustering found, related to suspected risk factors                                              [@CIT0010]
   Rufiji, Tanzania          Yes                   Clustering observed in early years only, overall mortality decline                                      [@CIT0016]
  South Africa                                                                                                                                             
   Agincourt, South Africa   Yes                   Clustering observed, overall mortality increase                                                         [@CIT0017]
   Dikgale, South Africa     Yes                   Small study size, some clustering in adults, overall mortality increase                                 [@CIT0018]
  South Asia                                                                                                                                               
   Chakaria, Bangladesh      Yes                   Clustering observed in early years only, overall mortality decline                                      [@CIT0020]
   Matlab, Bangladesh        Yes                   Clustering observed in low-lying delta area                                                             [@CIT0019]
